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Introduction
Waves act on the interface between the ocean and the atmosphere and have an important role in terms of fluxes exchanges through this interface (Cavaleri et al., 2012) . Their representation is necessary to compute with accuracy the different air-sea fluxes of heat and momentum (Janssen et al., 2004) . However, waves are generally parameterized from 10-m local winds. While there is a correlation between wind and waves, their relationship is not exclusive. Indeed, waves are also present without wind and for a given local wind speed, the local wave field is variable (Hanley et al., 2010) . Moreover, it is generally accepted that wind directly generates surface currents because about 90% of the wind momentum input to waves is immediately passed to the ocean (Cavaleri et al., 2012) . In fact, waves absorb energy and momentum from the wind during their formation and growth, and dissipate it when they break (Breivik et al., 2015) . This explains why it is necessary to introduce an accurate sea state description, from a wave model (or database as for example Rascle et al., 2008) , which controls exchanges between the ocean and atmosphere.
Waves affect the ocean surface layer through different processes (Breivik et al., 2015) : -Waves induce surface currents via the Stokes drift, rapidly attenuated with depth. The Stokes drift velocity associated with the wave fields adds a term to the Coriolis effect in the momentum equation. This process is called Stokes-Coriolis forcing.
-A part of the atmospheric wind stress is used by waves to grow and is not provided to the ocean. This energy quantity must be subtracted from the oceanic wind stress which drives the ocean model.
-During wave breaking, turbulent kinetic energy is produced and induces an enhanced turbulent mixing in the ocean surface layer.
coupling and comparisons with observations are given in Section 4. Finally, a summary and concluding remarks are discussed in Section 5.
Model Description

The NEMO ocean model
The NEMO-IBI numerical core is based on the NEMO v3.6 ocean general circulation model (Madec, 2008) . This model solves the three-dimensional finite difference primitive equations, assuming the hydrostatic equilibrium and Boussinesq approximation. These equations are discretized on a 1/36° (~2-3 km) horizontal resolution ORCA grid and 50 z-streched vertical levels, with a resolution decreasing from ~1 m in the upper ocean to more than 400 m in the deep ocean. The advection of tracers is computed with the QUICKEST scheme (Leonard 1979) connected to the limiter of Zalezak (1979) . This third-order scheme is well suited to high resolution used here and modeling of the sharp fronts characteristic of coastal environments.
Fresh water river discharge inputs are implemented as lateral boundary conditions for 33 rivers. Flow rate data are based on daily observations (for 9 of the rivers, gathered in the PREVIMER project), simulated data from the SMHI E-HYPE hydrological model (http://ehypeweb.sms.se) and climatology from the Global Runoff Data Centre (http://www.bafg. applied by specifying a constant velocity in the vertical, and Neumann conditions for temperature and constant salinity (0.1 psu).
Coupling processes
The impact of the waves field on the upper ocean layer is driven by the following three physical processes ( 
With ρw the water density, p the pressure, f the Coriolis factor, u the Eulerian current, z the vertical positive coordinate (positive up) and τoc the surface wind stress.
-The second process is the net surface wind stress due to wave growth: the waves grow and absorb energy provided by the wind stress. The wind stress left to the ocean is the difference between the total wind stress and that consumed by the waves. The MFWAM model provides NEMO with the neutral drag coefficient and the ratio (named coeffstress) between the ocean surface wind stress (τoc) and the total atmospheric wind stress (τa). This ratio is used to compute the ocean wind stress as given by the following relation :
-The third process is the Turbulent Kinetic Energy (TKE) induced by wave breaking. As the waves break at the ocean surface, a flux of turbulent kinetic energy is released to the ocean. This energy flux Φoc is computed by the dissipation source term in MFWAM. Craig and Banner (1994) parameterized the energy flux with a non-dimensional relation depending on the friction velocity as indicated here below : Where ρa and w are the air and water density, respectively, u* is the air side friction velocity and CB is the Craig and Banner parameter. As oc is computed by MFWAM, CB can be deduced from the Craig and Banner parameterisation.
Observations and experiments
In situ observations
Satellite data
Two different SST satellite products, OSTIA and L3S, have been used in this study. The Level 4 surface current satellite data are from satellite altimeter gridded sea surface heights and derived variables. This product is processed by the SL-TAC multimission altimeter data processing system. It processes data from all altimeter missions: Jason-3, Sentinel-3A, HY-2A, Saral/AltiKa, Cryosat-2, Jason-2, Jason-1, T/P, ENVISAT, GFO, ERS ½. It provides a consistent and homogeneous catalogue of products for varied applications, both for near real time applications and offline studies. The resolution of the product is 0.25°.
Moored buoys
In-situ buoys are also used to evaluate model outputs. These buoys provide data of nearsurface atmosphere, wave and ocean parameters. Data are provided from the Puertos del Estado network buoys, Meteo France buoys and Marine institute network of buoys. The Table 1 and Figure   1 summarize the names, locations, nationality and reference codes used in the following for the different buoys. 
Ocean experiments
Three ocean experiments have been performed to evaluate the impact of the wave forcing on the IBI area. The first experiment was perfomed without wave forcing, and is called NEMO-Ref. Statistical parameters between NEMO and OSTIA are shown in Table 2 . This confirms the cold SST bias for the NEMO runs. The bias of NEMO-Ref is slightly smaller than for the other runs, while the smallest RMS error is obtained from NEMO-WaveV4. NEMO-WaveV4's enhanced performance relative to NEMO-WaveV3 reflects the improvement in the MFWAM-V4 physics.
The same trend has been found for the comparisons of the spatial distribution of SST from the L3S satellite product, shown in Table 2 . Table 3 confirm the very good performance of NEMO in term of surface currents despite a slight underestimation, the improvement of surface current representation using wave forcing and the improvement by MFWAM-V4 physics.
In other respects we focus on the comparison between NEMO-WaveV4 and NEMO-Ref.
Daily currents are compared with observations from moored buoys during 2014 (see Table 1 for locations and names of the buoys). Figure Table 4 shows that the RMS error of surface current scores are generally under 0.1 m/s, illustrating the good performance of the NEMO-IBI model, with or without wave forcing.
Wave Impact during Storm Hercules
Storm Hercules occurred on the 6 th January 2014 and was characterized by significant wave However, an overestimation is observed in the time series for the buoys affected by the storm (Figure 15b ). The Table 5 (Figure 17b ). In the area surrounding the storm, wind stress in both experiments is equivalent. The impact of these mechanical energy input differences on oceanic parameters is broadly the same as for Hercules. Figure 17c and Figure 
Sensitivity to the modification of atmospheric forcing by waves
In this section we investigate the sensitivity of the surface oceanic fields to the modification of atmospheric forcing by waves. To this end, additional run NEMO-Wave V4 was performed with not accounting of the neutral drag coefficient and the ratio between oceanic and atmospheric wind First, the comparison of wind stress between the two experiments is shown in Figure 21a .
Wind stress from NEMO-WaveV4 is slightly higher (almost by 0.1 N/m 2 ) from the Bay of Biscay to the northern boundary of the domain. In the rest of the IBI domain the wind stresses are similar.
Concerning SST difference illusyrated in Figure 21b , we observed some patches in the 
Conclusions
The impact of Stokes-Coriolis forcing, the wind stress due to wave growth and the wave breaking in In other respects we have demonstrated a better sea surface heights at the peak of storm when using the wave forcing in NEMO run.
The coupling runs have showed the good performance of the wave forcing in NEMO model, with slight improvement on sea surface temperature and surface currents. The oceanic outputs are modified during storm and also on the first layers with perturbation of the mesoscale structures and possible modifications of the thermocline. The impact of waves on the atmospheric forcing remains an issue and additional investigations are needed. In other respects, the assimilation of satellite altimeters wave data will step forward to a better wave forcing for ocean circulation model. This will be conducted in the frame of the phase 2 of the Copernicus marine service CMEMS-IBI. 
